Purpose To investigate the prevalence of diabetic retinopathy (DR) and relative risk factors among Chongqing pre-diabetes patients. Methods A total of 750 participants were recruited in this cross-sectional study. All participants underwent a complete physical examination and an oral glucose-tolerance test. In all, 110 of the 125 newly diagnosed pre-diabetics and their healthy spouses as controls were examined with fluorescence fundus angiographies, and their blood with biochemical analyses. All the pre-diabetics with DR (23 subjects), 23 normal controls and 23 pre-diabetics without DR were compared for serum concentrations of regulated upon activation, normal T-expressed and secreted (RANTES). Student's t-test was used to compare continuous variables, and v 2 test and analysis of variance to compare proportions among groups. Multiple logistic regression models were used to determine the risk factors for DR in pre-diabetics. Results In all, 20.91% of the 110 pre-diabetics showed mild non-proliferative DR (NPDR). There was a statistically significant difference in serum concentrations of RANTES between pre-diabetics with and without DR (Po0.01), and also between pre-diabetics with DR and normal controls (Po0.01). However, age, body mass index, waist-hip ratio, triacylglycerol (TG), total cholesterol (TC), high-density lipoprotein-C, low-density lipoprotein-C, blood urea nitrogen, blood creatinine, and urine albumin excretion rate seemed to have no reliable relationship with DR in pre-diabetics (P40.05).
Introduction
Prevention of type 2 diabetes mellitus and its complications is a major public health challenge because of its large effect on health. Diabetes affected an estimated 171 million people worldwide in 2000, and this number is projected to rise to 366 million by 2030, owing to increases in age, obesity, and urbanization of the world's population. 1 In addition to this, the prevalence of diabetic retinopathy (DR) is increasing worldwide due to the rising number and prolonged survival of diabetics. 2 Almost all patients with type 2 diabetes go through one necessary phase called 'pre-diabetes' before the onset of overt diabetes. 3 Individuals with impaired glucose tolerance and/or impaired fasting glucose are currently considered to have 'pre-diabetes'. 4 Pre-diabetes not only has the potential risk of developing to diabetes but also can lead to the onset of DR. 5 DR, a devastating ocular complication of diabetes mellitus, is the leading cause of blindness among working-age adults in the United States and is a serious public health problem throughout the world. 5 The underlying mechanisms of DR have not been elucidated, although there are several theories. The idea that DR is a low-grade chronic inflammatory condition has gained recent interest. 6 The chemokine named regulated upon activation, normal T-expressed and secreted (RANTES) was proved to be associated with severe DR. 7 Therefore, in this study, we investigated the prevalence of DR and its risk factors (RANTES specifically included) among pre-diabetes participants, hoping to contribute to the prevention and treatment of DR at an early stage.
Materials and methods

Study population
With the assistance of Endocrine Division of the First Affiliated Hospital of Chongqing Medical University, we recruited 421 type 2 diabetic families (2148 subjects) from April 2005 to March 2007 (24 months). From this pool, 750 second-degree relatives of the probands were eligible for this study, after excluding subjects with a history of diabetes, hypertension, cardiac insufficiency, hepatic inadequacy, or kidney dysfunction. All 750 participants underwent a complete physical examination and an oral glucose-tolerance test (OGTT). Of these, 110 newly diagnosed pre-diabetics and their healthy spouses (who were treated as controls) had a detailed ophthalmic examination (FFA included) and blood biochemical analyses. Then, a total of 23 members (20.91% of the 110 pre-diabetics) with DR, 23 pre-diabetics without DR and 23 healthy age-matched controls were examined for serum RANTES levels. Our study followed the Declaration of Helsinki Principles and was approved by the Ethics Committee of Chongqing Medical University (the Institutional Review Board). Informed consent was obtained from each participant.
Oral glucose-tolerance test
The 750 participants were instructed to maintain their usual physical activity and diet for at least 3 days before OGTT. After at least 10 h of overnight fasting, they were challenged with the oral glucose load used in the standardized OGTT. Pre-diabetes was diagnosed based on the American Diabetes Association criteria; 8 thus 125 pre-diabetes subjects were newly diagnosed.
Fluorescence fundus angiographies
For ophthalmic examination, 1% tropicamide was administered to both eyes until the best possible mydriasis was obtained. Fortunately, all 125 newly diagnosed pre-diabetics were free of disorders such as glaucoma, uveitis, keratitis, retinal detachment, and heavy cataract that may distort the FFA conclusions. Among those, 110 pre-diabetics and their healthy spouse controls were examined with FFA, using a TOPCON TRC, 50IX retinal camera (Topcon, Tokyo, Japan). The other 15 pre-diabetics did not receive FFA examination because of allergy to fluorescein sodium or worries about its side effects. The assessment of retinopathy was done by only one retinal specialist, using FFA images. DR was classified using a severity scale recommended by the International Council of Ophthalmology and American Academy of Ophthalmology (Table 1) . 9 Systemic and blood assessment A standard questionnaire 10 administered by trained staff was used to obtain information on name, sex, age, and history of diseases. The weights of the subjects were measured and recorded to the nearest kilograms and the heights to the nearest centimeters. Body mass index (BMI) and waist-hip ratio (WHR) were calculated by their respective standard equations. Blood samples were drawn after a 10-h overnight fasting by the 110 pre-diabetes subjects and their healthy spouses. Then biochemical analyses were conducted with an OLYMPUS AU5400 Full Automatic Biochemical Analyzer (Olympus Corp., Tokyo, Japan). End points included triacylglycerol (TG), total cholesterol (TC), highdensity lipoprotein-C (HDL-C), low-density lipoprotein-C (LDL-C), blood urea nitrogen (BUN), and blood creatinine. The 2-h random urine albumin excretion rate (UAER) was measured with radioimmunoassay. The serum concentration of RANTES was measured using Enzyme-Linked Immunosorbent Assay (RANTES Instant ELISA, Bender Medsystems, Vienna, Austria). (Table 3) . w 2 test and one-way analysis of variance were used to compare proportions among groups as in Table 2 and Table 5 , respectively. Po0.05 was accepted as statistically significant. Multiple logistic regression analysis was performed (Table 4) , using DR as the dependent variable. Age, BMI, WHR, TG, TC, HDL-C, LDL-C, BUN, blood creatinine, and UAER were entered into a logistic regression model to determine independent predictors of DR. Odds ratios and 95% confidence intervals are presented.
Results
A total of 125 pre-diabetics among the 750 participants were newly diagnosed. In all, 20.91% (23/110) of prediabetics showed mild non-proliferative DR (NPDR), while none of the controls had apparent DR ( Table 2) . The difference was statistically significant (Po0.05). Table 3 shows no statistical difference between prediabetics and normal controls, with regard to age, gender, BMI, WHR, TG, TC, HDL-C, LDL-C, BUN, blood creatinine, and UAER. Table 4 shows that age, BMI, WHR, TG, TC, HDL-C, LDL-C, BUN, blood creatinine, and UAER had no meaningful relationship with DR in pre-diabetics (P40.05). As evidenced in Table 5 , there did exist a significant difference in serum RANTES concentrations between pre-diabetics with and without DR (Po0.01), and also between pre-diabetics with DR and normal controls (Po0.01). Nevertheless, there was no significant difference between normal controls and pre-diabetics without DR (P40.05).
Discussion
The prevalence of DR in Chongqing pre-diabetes patients in this study was 20.91% (23/110), which was higher than that in their healthy spouse controls. Also, DR prevalence rate in our study was higher than those reported by Gabir et al 11 and Nagi et al, 12 which were 1.2 and 12% (8/68), respectively. The lower prevalence of DR in Prevalence and risk factors of DR in pre-diabetics X Chen et al
818
Eye the two studies might be attributed to the methods of retinal assessment. In the study by Gabir et al, subjects were examined by observing their dilated pupils using a direct ophthalmoscope, and in the study by Nagi et al, by fundus photography after mydriasis. But in our study, subjects were examined by FFA, which is apparently advantageous in detecting DR. In addition, small sample sizes and different grading criteria of DR in these three studies might be taken into consideration. Earlier studies have shown that age, 13,14 gender, 14, 15 BMI, 16, 17 WHR, 16 TC, 13 HDL-C, 18 LDL-C, 19 BUN, blood creatinine, 20 and UAER 21, 22 have certain associations with DR in diabetics. However, in our study, it appears that those related above are not risk factors for DR in prediabetics. These discrepancies might have resulted from the fact that metabolism disorders are much lighter in pre-diabetics than in diabetics, as Table 3 suggests no significant difference between pre-diabetics and healthy spouse controls in clinical characteristics such as BMI, TC, and LDL-C. However, the discrepancies may give us a new reflection on the risk factors for DR. Besides the traditional factors like BMI, TC, and TG that are associated with DR in diabetics, there are probably other factors too, as DR also exists in pre-diabetics without such known factors. Perhaps the hyperglycemia-induced inflammatory response can be counted.
In the pathogenesis of DR, an accumulating body of evidence shows that immunological mechanisms characterized by many features typical of inflammation have a prominent role. The upregulation of cytokines and other inflammatory mediators led to an influx of leukocytes and persistent low-grade inflammation. The cytokines and mediators are said to contribute actively to DR-associated damage to the retinal vasculature and neovascularization. 23 RANTES produced by inflammatory cells, retinal endothelial cells, and pigment epithelial cells 24 is a member of the chemokine family. Meleth et al 7 showed that RANTES levels largely increased in subjects with severe NPDR versus less severe NPDR (Po0.001), but RANTES levels unexpectedly decreased in subjects with less severe NPDR versus normal controls. Thus, Meleth believes that the latter may not correctly reflect the real variation. However, in our study, serum levels of RANTES were significantly elevated in pre-diabetics with DR compared with pre-diabetics without DR and normal controls (Po0.01), while RANTES levels were not significantly different between pre-diabetics without DR and normal controls (P40.05). Taken together, RANTES may be associated with mild NPDR in pre-diabetics and has a potential role in the development of DR; the concrete mechanism needs further research.
Our study has certain limitations. First, this was a survey based on family investigation rather than a population-based study. However, the prevalence of pre-diabetes in our study (125/750) was similar to that reported in China (15.5%), 25 which justifies our further survey on DR prevalence. But the eligible sample size was small for pre-diabetics (125) and even smaller for pre-diabetics with DR (23), which may lessen our conclusions' reliability, stability, and representativeness. Second, the population inclusion criterion was tough, as we excluded persons with diabetes, hypertension, cardiac failure, and other related diseases. We aimed to avoid retinal microaneurysms (standard of DR diagnosis) that are caused by diabetes, hypertension, or other possible illnesses 17, 18 so that we could get a relatively accurate prevalence of DR in pre-diabetics. However, doing this might also make our population seem healthier than those of other studies, and accordingly weaken the comparability between our study and other similar studies.
12,26 Third, we could not research all possible risk factors including gender, 14, 15 duration of pre-diabetes, and hyperglycemia-related inflammatory factors SDF-1a, ICAM-1, and MCP-1. 7 Therefore, perhaps we have missed some potential risk factors. The strength of our study lies in that we performed OGTT and FFA to get creditable diagnoses of pre-diabetes and DR. The data obtained may be valuable for further study and comparisons between relative works: for instance, the Diabetes Prevention Program 27 and the study by Dalton, 26 both of which indicate that 8% of pre-diabetes patients have DR. Meanwhile, the controls were selected from among the healthy spouses of the newly diagnosed pre-diabetics, and hence the confounding factors have been reduced as much as possible.
In summary, the prevalence of DR in Chongqing pre-diabetes patients in our study was 20.91% and only mild NPDR was detected; more severe DR was not found. RANTES, an inflammatory factor related to hyperglycemia, may be one possible risk factor for the incidence and progression of DR in pre-diabetics. However, age, BMI, WHR, TG, TC, HDL-C, LDL-C, BUN, blood creatinine, and UAER show no significant association with DR in pre-diabetics. Prevalence and risk factors of DR in pre-diabetics X Chen et al
